No Need to Fear,
the Glial Scar Is
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his is the day that would
change a young man’s
life forever. On this
day, a man’s strength, faith, and
fortitude would be forever tested
and pushed to the limit. On this
day a promising college athlete,
dedicated student, and loving son
would lose the ability to walk8.
It began as a beautiful October
day. Chris Norton had proved
himself to be a valuable asset to
the Luther College football team
(Figure 1). As a 5’ 11”, 185-pound
freshman, he had worked hard
enough to earn playing time as
a starter on the team, a great
accomplishment for an undersized
freshman. The game against Central
College was in the third quarter,
and Luther College had just scored
a touchdown to bring themselves
back in the game. The play began
as routine as any other. Chris ran
down the field as fast as he could
toward the ball carrier. While the
other player was much bigger than
him, he knew he could make the
tackle. Chris dove towards his knees
and took the ball carrier down.
However, he mistimed the dive and
instead of hitting the other player’s
knees with his shoulder, Chris’s
head connected with his thigh and
the ball carrier’s knee hit his neck.
Chris did not feel any pain, nor did
he feel a pop.
Up until this point, everyone
still believed that it was a routine
play. But when the whistle blew
and his teammates told him to
get up, he couldn’t move. At first,
he believed it was just a stinger,
where part of his body goes numb
before regaining feeling in a
couple of minutes. However, when
the trainers and doctors came out
and tried to get him to move, Chris
still could not feel anything, could
not move, and remained lying face
down on the turf. The medical staff
proceeded to roll him over and cut
off his helmet. He could now see

Figure 1. Chris Norton, author of “The Seven Longest Yards: Our Love Story of Pushing the Limits
While Leaning on Each Other”, has overcome some of life’s toughest adversity.
“Chris Norton” by West Broward from Flickr (CC BY 2.0)

other players taking a knee out of
respect, waiting anxiously for their
teammate to stand. Once they put
the neck brace on and loaded him
onto the stretcher, he tried to give
the crowd a thumbs up to let them
know that he was going to be okay.
But he couldn’t do it. This was when
the realization began to sink in: he
was paralyzed.

Breaking Down SCIs
Experiencing a spinal cord
injury (SCI) has a profound impact on
a person’s life. It changes everything
they do, big and small. Some
people are not able to continue
with their education or career, or
they must modify it in some way.
Relationships may change, either
for better or for worse. In many
cases, people with a spinal cord
injury require extra support and
care, which can put extra stress
and pressure on themselves and
their loved ones, both mentally
and financially. Medical bills are
not always covered and the cost
of equipment and therapy can be
exceedingly expensive. Simple
daily actions such as getting dressed
or going to the bathroom are now
difficult or sometimes impossible

to accomplish by themselves. On
top of this, dealing with all of these
challenges can lead to depression
and anxiety13. Medications may
alter the way the brain processes
neurotransmitters,
messagebearing chemicals, making these
individuals more susceptible to
mental illness. People with spinal
cord injuries are forced to face
obstacles that others would not
ever think of, making it even harder
to deal with their circumstances.
Almost 5.4 million people in
the United States are paralyzed,
with difficulty or inability to move
lower or upper extremities10. To
this day, there is no reliable cure.
But why is that? What is stopping
us from being able to heal from
such an injury? When a spinal cord
injury occurs, the nerve fibers are
severed, thus causing a break in
communication from parts of the
body and the brain. These nerves
are made up of bundles of axons,
which are extensions of nerve cells,
that help to transmit information
to different parts of the body. Past
research shows that after an injury,
something blocks damaged axons
from regenerating and impedes
the healing process. This roadblock
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is called the astrocytic, or glial, scar.
Because of this blockage covering
the injured area and damaged
axons, it was determined that the
astrocytic scar is the reason that
people are not regaining function.
Astrocytes are the most
prominent type of cells found in
the astrocytic scar, and are found
to greatly aid in the regeneration
process after an injury. Since
astrocytes are a type of glial cell,
meaning non-neuronal nervous
system cells, they can be found
in both the brain and the spinal
cord. They help to form the bloodbrain barrier, provide nutrients
to neurons, and aid in the repair
process after an injury to the brain
or spinal cord17. When an injury
occurs to either of these areas,
reactive astrocytes answer the call
for help and rush to form a scar over
the injured site16. This scar helps to
initially prevent infection and helps
to minimize inflammation and
swelling. However, our knowledge
on the astrocytic scar’s role in
long-term recovery is still under
investigation.

Past Findings
Past research has shown
that while the formation of the
astrocytic scar may be beneficial
immediately after injury, it may be
detrimental in relation to long-term
recovery. These studies found that
the glial scar acted as a roadblock
that did not allow for the healing
process to occur. Imagine a road
that has been broken and needs
to be fixed. In order to do so, a
roadblock will be placed there and
the road will undergo construction.
However, cars now cannot go
through because of that roadblock.
In this case, the roadblock is the
astrocytic scar, the road itself can
be seen as the axons, and the
cars are information that cannot
get through (Figure 2). Studies
discovered that injuries in the
central nervous system (CNS) that
were treated by astrocytes did not
see axonal regeneration due to the
barrier of the astrocytic scar15. They
also found that reactive astrocytes
that make up the scar increase
the regulation of the expression
of inhibitory molecules. These
inhibitory molecules were thought
to prevent axonal regrowth from

occurring. So when the astrocytes
called
for
more
inhibitory
molecules to come to the area, it
was thought that they would also
be simultaneously working with the
astrocytic scar to prevent the axons
from regenerating. The researchers
determined that the tightly knit
astrocytic scar and the inhibitory
molecules do not allow for growth
factors to reach underneath the
scar, or for axons to grow through
it.
One 1997 study conducted by
Davies and colleagues2 investigated
the impact of the astrocytic scar on
regeneration. These researchers
specifically tested what would
happen to the axons when they
minimized glial scarring. They
found that when the glial scar
was minimized and axons made it
past this point, they were able to
regenerate along paths found in
the CNS. When the glial scar was
left to form normally, they saw that
the axons were not regenerating,
leading to the conclusion that
the glial scar is detrimental to the
regrowth of axons and inhibits
potential functional recovery.
In a 2004 review, the authors12
focused on the inhibitory molecules

Figure 2. Old versus new research. The old research (left) shows the astrocytes tightly bound together (yellow), forming the glial scar. The axon (pink)
can’t get through the roadblock. The new research (right) is depicting that the scar (yellow) can be loosened enough for an axon (pink) to cut through the
astrocytic scar and regrow. Original image by Lauren Graf, calligraphy by Mary Angela Ricotta.
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that were thought to be either
produced or brought to the injured
area by reactive astrocytes. They
mention that while there are some
benefits to the glial scar, they come
at the cost of long-term functional
recovery. One of the benefits
discussed is that the astrocytic
scar helps to prevent cellular
degeneration and inflammation,
thus saving the healthy tissue.
However, this benefit is wiped
out by the fact that astrocytes
were said to bring or produce
many inhibitory molecules. Due to
this, researchers concluded that
axonal regrowth was not possible
because of the barrier of astrocytes
and detrimental molecules that
followed.

Current Research
We have all experienced a
situation where the fear of being
criticized suppressed our desire to
speak out on a topic we viewed
as incorrect. That is exactly what
Anderson and colleagues recently
went through with their research on
the glial scar. Intuition would tell us
that if something is blocking a path,
then removing it should open up
the path and allow normal functions
to resume. Based on the results
from previous studies, Anderson
and colleagues believed that they
would have similar findings, which
would thus confirm this thought
process1. They decided to base
their experiment off of this premise
and they hypothesized that without
the glial scar blocking the axon’s
path, regrowth should occur. The
researchers prevented the scar
from forming altogether, assuming
that the axons would now have
the room and resources to grow.
However, they found that no axonal
regeneration occurred. They then
decided to let the astrocytic scar
grow and remove it after it had fully
formed. This also resulted in no
axonal regrowth and regeneration
occurring. Conversely, when they

allowed normal glial scar formation
to happen, they found that axonal
regeneration does occur. Based
on previous research showing that
growth molecules can help promote
axonal regrowth and regeneration4,
7
, the researchers decided to
locally inject these growth factors
at the site of injury. True to form,
Anderson and colleagues saw
even greater axonal regrowth and
regeneration with the introduction
of these growth factors at the
site (Figure 3). In addition to this,
rather than hindering the growth
process as previously believed, the
molecules that they believed to be
inhibitory were actually promoting
growth, therefore acting as growth
molecules. The researchers thus
concluded that the astrocytic scar
is not only beneficial, but necessary
for axonal regrowth and could be
a potential solution to achieve
functional
recovery.
However,
because of the established
literature recognizing the glial
scar as inhibitory, Anderson and
colleagues were hesitant to share
their results. All of the previous
research reported the opposite
of their findings, so they were
concerned that something was
wrong with their experiment or that
they had interpreted the results
wrong. After reviewing the data
and methods, they could find no
major fault in their process that
would cause these results. Due
to this, the researchers finally
decided to release their findings
to the community, which has since
reignited research in this area.
Recently, more research has
been done in order to unlock
the mystery of the glial scar.
Researchers have been particularly
interested in altering the formation
of the glial scar so that some of it
remains, but not enough to block
axonal regeneration. In one study
from 2015, Zhao et al.18 worked to
discover the impact of histamine
on the astrocytic scar. Histamine is

Figure 3. Axon (red) growing through an
astrocytic scar (green) and growth-promoting
molecules (blue). First observed regeneration
through a fully formed astrocytic scar1.
“New role identified for scars at the site of
injured spinal cord”
By Dr. Michael V. Sofroniew (CC BY-NC 2.0)

a compound that is found in both
the brain and the body, involved
in immune and inflammatory
responses, and acts as a
neurotransmitter14. The researchers
thought that they could alter the
formation of the astrocytic scar by
locally administering histamine, as
histamine reduces the number of
astrocytes that are called to the
injured area. Histamine, much like
a key fits a specific lock, can only
bind to and activate its specific
receptor on an astrocyte. Once this
happens, the histamine receptor is
activated, which then triggers the
reduction of astrocytes called to
the area3. This thinner astrocytic
scar then allows for axons to
grow through it without as much
difficulty. As a result of this process,
some astrocytes were still being
recruited to the area, but not as
many. This is beneficial as it allows
the astrocytes to still bring certain
growth factors with them to aid the
axons regeneration process, while
also allowing the axons to have
more room to grow.
Another study conducted in
4
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“Astrocytes and oligodendrocytes from neural stem cells”
By Yirui Sun.from Welcome Collections (CC BY 4.0)

20189 used anti-integrin antibodies
in order to alter the formation of
the glial scar. Integrin has been
found to help direct cells where to
go and acts as a glue to help them
stick together. However, antibodies
are proteins that attempt to
counteract specific substances. In
this case, anti-integrin antibodies
would theoretically counteract the
effects of integrin, thus not allowing
the cells to be glued together as
tightly. During the formation of
the astrocytic scar, collagen genes
were observed to be increasingly
expressed in spinal cord injuries.
These collagen genes have been
seen to aid in the formation of the
astrocytic scar, acting as the special
ingredient which helps to turn
reactive astrocytes into scar-forming
astrocytes. Because of this, Okada
and colleagues hypothesized that
by locally injecting anti-integrin
antibodies, the astrocytes would
not be as tightly bound together.
Proving their hypothesis correct, the
anti-integrin antibodies prevented
the reactive astrocytes from turning
into scar-forming astrocytes, even
in the presence of collagen genes.
The astrocytes formed a much
5

looser glial scar, spreading out
farther apart from one another and
allowing greater axonal regrowth
to occur. The researchers not only
found that this aided the growth
of axons, but this also resulted in
improved functional recovery.
How could we be wrong about
the function of the glial scar for so
many years? One reason for the
controversy in the field is that some
of these past studies, such as the
1997 Davies study, did not directly
alter the reactive astrocytes2, 5. Due
to the fact that the researchers
never directly changed the reactive
astrocytes, there could be a
number of other factors that had an
impact on the results of the study.
Since they never took into account
that these results may be caused
by other factors, they therefore
fell into the fallacious reasoning
that correlation translates to
causation. In order to account for
this, the researchers must be able
to account for all other factors and
directly alter the glial scar, thus
allowing conclusions to be causal,
instead of correlational. Another
potential cause for these opposing
conclusions is that there are different

types of reactive astrocytes. These
diverse types of reactive astrocytes
may vary, with some inhibiting
growth and some facilitating it.
While little is known about these
different types of astrocytes, we do
know that they can be triggered
by neuroinflammation, as seen in
spinal cord injuries6.

The Future of SCI
Based on the encouraging
results from the Okada and Zhao
studies9, 18, future research should
be conducted to further study the
role of histamine and anti-integrin
antibodies in the glial scar. Both of
these processes involve altering the
glial scar in some capacity to allow
for axons to grow through it, while
still bringing enough astrocytes
to aid in regeneration. With the
astrocytic scar as our roadblock,
we are currently trying to find
a way in which the road can be
worked on, while still allowing cars
to drive through it. An injection of
histamine has been seen to help
reduce the volume and thickness of
the astrocytic scar, providing axons
with an easier path to grow through.
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Anti-integrin antibodies introduced
through a local injection have also
been seen to loosen the glial scar
in such a way that it allows axons to
grow through it without inhibition.
These potential solutions should
be more thoroughly explored as
to how they can be improved to
lead to full functional recovery
in humans. One possible way to
do so would be to locally inject
either histamine or anti-integrin
antibodies with growth factors.
When Anderson and colleagues
introduced extra growth factors
to the glial scar, they saw robust
axonal regrowth. Based on these
results, adding extra growth factors
and breaking up the astrocytic scar
could result in even greater axonal
regrowth and regeneration, leading
to greater functional recovery.
Another way to potentially increase
axonal regeneration and functional
recovery would be to combine the
methods together. An injection of
histamine would help to decrease
the volume and thickness of the
glial scar, while the anti-integrin
antibodies would help to break
up and loosen the scar. Both of
these combined would allow the
axons even greater room to grow.
In addition to this, adding extra
growth factors would allow the
axons to have more resources to aid
them in regeneration. All of these
factors combined could potentially
lead to an increase in healing after
a spinal cord injury, which also may
result in the regaining of motor
functions.
However,
before
experimentation
proceeds
in
these areas, research should be
done on the exact interactions
that occur between histamine,
anti-integrin
antibodies,
extra
growth factors, and the astrocytic
scar. Based on these results, we
could use this information to
determine what would be the
best course of action involving
these methods. Researchers could

decide how to better implement
the use of histamine or anti-integrin
antibodies in a way that will
maximize their benefits in altering
the scar and allowing for greater
regrowth and regeneration. The
overall goal is that we need to get
to the point in which we can alter
the glial scar exactly as we need
in order to allow for axons to grow
through it by using histamine and
anti-integrin.
Another area that should
be further studied is axonal
regeneration
and
functional
recovery in fish, frogs, and
salamanders11. These organisms
can all experience a full recovery
after an injury to their spinal
cord, which we are just beginning
to understand. In the case of
zebrafish, instead of forming a glial
scar, the cells form a glial bridge.
This bridge allows the axons to
regrow and regenerate across the
injured site, thus restoring some of
the functional connections. While
some of the original connections
between the brain and body are
reformed, new connections have
also been seen to form. This helps
to provide evidence that the original
connections are not always needed
to regain functional recovery,
and that the brain and body can
be rewired in order to achieve
the same functional processes as
before. A substantial amount of
research needs to continue in this
area in order to determine what the
exact differences are between the
processes in these organisms and
humans. This could help lead us to
discover potential ways to improve
our own functional recovery.

Implications for the
Community
Finding a solution to help
individuals regain function after
spinal cord injuries would be a
tremendous accomplishment from
which millions of people would

benefit. A cure would be able to
help people not only physically, but
also mentally. Regaining function
could potentially lead to lower rates
of depression and anxiety, enabling
them to live happier lives. Finding
a cure for spinal cord injuries may
also lead to a possible cure for
other diseases which impair motor
function, thus aiding another subset
of the population. Helping people
to regain the ability to walk after
a SCI would have a huge impact
on the world, giving many people
hope at a time in which they may
have none.
That young man whose entire
life was rocked within the course of
one play has since accomplished
so much. The night of Chris’s injury,
he underwent surgery. He was then
given only a 3% chance to ever
regain movement below his neck.
However, the next day he shrugged
his left shoulder, already defying
the doctor’s prognosis. Since
then he has continued to defy his
circumstances. Through physical
therapy he worked immensely
hard to be able to regain some
function in his upper and lower
extremities. He has since been
able to walk across the stage at
graduation and down the aisle at
his wedding, both with the love
and support of his wife Emily. In
addition, Chris has also started
a foundation for those in similar
circumstances, began a family,
and has become a motivational
speaker. While Chris has been able
to do all of this through hard work
and perseverance, the scientific
community must do their part to
help. We are still currently in search
of a more reliable cure for those
with spinal cord injuries, and the
glial scar may be the answer to this.
However, research must continue in
order to find a way to allow these
axons to fully regenerate so that
we can help people to regain full
functionality in their lives.
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